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Abstract : A seriesof heterobinuclear thiocyanato-
bridged complexes of cations, [M(NH_X)]*" and
[M(en),]** (where X = H, Ph; M=Cu, Co, Cd, Zn),
with anion [Ni(NCS),]> have been prepared by 1:1
molar ratio. The complexes have been characterized
by FT-IR, *C NMR and UV-Vis spectroscopy, meta
analysis, magnetic and conductance studies. The com-
plexes havethefollowing composition: [M(NH_X) ]
[Ni(NCS),], and[{M(en)_}{ Ni(NCS) }] . Theanti-

INTRODUCTION

Duetoitsambient character thethiocyanate group
can serve asabridging ligand similarly to thecyanide
group. Incoordination polymers, athiocyanateion must
act asarigid bridged ligand and link apair of metal
centers through 1,1-u-SCN, 1,1-u-NCS or 1,3-p-
SCN configuration to satisfy the coordination number
of themetd ion*2. Binding mode sensitivity of thiocy-
anateion hasattained greet interest inrecent years. The
thiocyanate moiety was reported to have an ability to
modify thebiochemica behaviour when presentinmixed
ligand coordination complexes. It should be noted that
somehbimetalic compoundsassumedifferent magnetic
properties. Theliterature concerning thestructura and/
or magnetic studiesof thiocyanato-bridged transition
meta hetero- complexesisrather limited.

bacterial activity of the prepared complexeshasaso
been investigated against the gram positive, Bacillus
cereusand gram negative, S mondlatyphi, pseudomo-
nasaruginosaand Escherichiacoli pathogens.
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K eywor ds: Heterobinuclear; Thiocyanato-bridged
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Bimetdlicthiocyanateligand based singlecrystds
of MnHg(SCN), and CdHg(SCN), or the complexes
of molecular formula[MM’(SCN),(L)] [M =Co*, M’
= Cd*, Hg*"; L=N, N’-bis(benzylidene)-1,2, phe-
nylenediamine Schiff base] have been synthesized and
characterized*?. The heteronuclear [Hg(SCN),
Cu(en),]NO, complex [en=1,2-ethandiamineand 1,10-
phen=1,10-phenanthroline] hasbeen synthesized“.
Based on the bridging function of thiocyanato group
two complexes formulated as [{(Cu(L),),OH}
(Cr(NCS))].H,0, where L= 2,2-bipyridine (bpy) and
1,1,4,7,7-pentamethyldiethylenetriamine (PMDT) are
reported®.

Cadmium(ll) complexes, [Cd (u-SCN),(LY),],
[Cd(u-SCN),(L?)], [CA(NCS)(u-SCN)(L3)],,, have
been synthesized by reacting cadmium acetate/
NH,SCN with 4-amino-pyridine (L), C.H,N-
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C(CH,)=NNH, (L? and C.H,N-C(CH,)=N-CH -
CH_-N(C,H,), (L®) respectively in methanol™®. A se-
riesof heterobinuclear, thiocyanato-bridged complexes
of copper(I1) and nickel (I1) of macrocyclicligandshav-
ing the composition (ML), [M ’(NCS)4,6]y [M=Cu, Ni,
M=Ni, Co, Cr, Fe; L=5,12-dimethyl-[14]-1,4,8,11-
tetraazacyclotetradeca-4,11-diene and 5,7,12,14-
tetramethyl-[ 14]-1,4,8,11-tetraazacycl otetradeca-
4,11-diene] have been characterized by thevariable-
temperature magnetic susceptibility®?. Thereareafew
heterometallic compounds of the type [CuL],
[Cr(NCS)],nH, O (L=2.2-bipyridine, n=0; L=0-
phenanthroline, n=1; L= diethyleno triamine, n=1),
[CuL,],[Cr(NCS) ], nH,O, (L=imidazole, n=2) and
[Cu(en) Mn(NCS) (H,0),In (en=ethylendiamine)™.
However theliterature covering an anal ogous system,
inwhichthethiocyanategroup playstheroleof abridging
ligand, itisevident that complexes havetremendous
character. The bimetallic complexes of the type
[MLX][M Ly] (where M = Cu, Cd, Ni, Co, Zn and
M’=Hg, Lx = ethylenediamine, aniline, NH and Ly =
I-, SCN") have been characterized™. In continuation
of our research herein the synthesis of thiocyanato-
bridged heteronu-clear complexes containing
[Ni(NCS),]* anionic group hasbeen reported. Theel -
emental anayses, FT-IR, *C NMR, el ectronic spec-
tra, magnetic and conductivity studiesindicatethat the
reaction between [Ni(NCS),]* ionand starting metal (I1)
complex cationshas been dueto bridging properties of
thiocyanato ions. Antibacterid activitiesof the prepared
complexesareaso investigated.

EXPERIMENTAL

Chemicals

Ethylenediamine, aniline, methanal, chloroformand
N, N-dimethylformamide (DMF) were obtained from
Aldrich Chemica Company Ltd. Ammonium nitrateand
Nickel chloride (crystal), Ammonium thiocyanate,
Cobalt(I1) sulphate were obtained from M|S Merck
(Germany). Perchloric acid, nitric acid, sulphuricacid
and ammoniawereobtained fromBDH ChemicasLtd.
All chemicalsexcept solvent were used asreceived.
Solventsweredried by standard methodsand ditilled
under aninert atmosphere.

Analytical methods

Theanaysesof themeta contentsof the prepared
complexeswere obta ned by AtomicAbsorption Spec-
trophotometer (model Thermo Scientific ICE-3000)
from Biologica Laboratory of Chittagong University,
Chittagong. Thelnfrared spectraof the prepared com-
plexes were obtained by FTIR spectrophotometer
(Model- 8900, Shimadzu, Japan) using KBr as the
matriX intherange 400-4000 cn from research | abo-
ratory of the Department of Chemistry, C.U. Chittagong.
Polystyrene was used asthe standard to calibrate the
spectrophotometer. Electroni c absorption spectrawere
run on Shimadzu UV-Visible Recording Spectropho-
tometer (Mode-1800) using1 cmcells. Andectrother-
mal melting point apparatuswas used for the determi-
nation of themelting or decomposition points of the
complexes. Using N, N-dimethylformamide (DMF) as
thesolvent, the sol utions of the compl exes (of theorder
of 10°M) wereused for conductivity measurements.
Conductivity measurement wasperformed onaPhilips
Conductivity Meter (Modd-HI 9255). Determination
of conductivity of an e ectrolytic solutioninvolvesmea
suring of theelectrical resistance of that solution at a
particular temperature, usudly 25°C. Magnetic suscep-
tibility vauesof someof the prepared complexeswere
determined using the M agnetic Susceptibility Balance,
(Sherwood Scientific) from in the laboratory of
Chittagong University, Bangladesh.

Prepar ation of bimetallic complexes

[Ni(SCN),]>: 2mmol (0.88 g) nickel chloridecrys-
talsweredissolved in about 40 mL of water in abea-
ker. A deep green color solution of NiCl, wasformed.
Ammonium thiocyanatewas added to it when thedeep
green colorationwasfade.

[M(NH,)]*, [M(aniline) J** or [M(en).]*: 2mmol
(0.04259) of metd chlorideor nitratewasdissolvedin
about 10 ml of water in another beaker. An excess
amount of conc. ammonia, anilineor ethylenediamine
wasadded toit drop wise. Themixturewas heated to
boil for about 15 minutes.

Bimetallic complexes: Two solutionsweremixed
together intheir hot states. Themixturewas stirred for
sometimeand allowed to cool with frequent stirring.
Theprecipitatewasformed four dayslater and thesolid
product formed wasfiltered off and washed with water
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anddried over cdcium chloride. Theprecipitateformed
was preserved indesiccators. Thefollowing bimetallic
complexes were prepared by the same procedure as
stated above. Thecolor, yield and melting point of the
prepared complexesaregiven in parentheses.

[Cu(en),][Ni(SCN),] (Color: Deep blue; Yield:
95%; m. p.:210°C), ii. [Cd(en),] [Ni(SCN),] (Color:
Violet; Yield: 95%; m. p.:174°C), iii. [Co(en),]
[Ni(SCN),] (Color: Radish brown; Yield: 95%; m. p.:
>200°C), iv. [Cu(NH,).J[Ni(SCN),] (Color: Blue;
Yield: 95%; m. p.. >210°C), v. [Cd(aniline),]
[Ni(SCN),] (Color: blue; Yield: 90%; m. p.: >210°C
(d)), vi.[Cu(aniling) ][Ni(SCN) ], (Color: Black; Yield:
95%; m. p.:>210°C (d), vii. [Zn(aniling) J[Ni(SCN) |
(Color: white; Yield: 95%; m. p. :> 210°C (d)), viii.
[Co(aniline) ][Ni(SCN),] (Color: black; Yield: 95%;
m. p. :>210°C (d).

Test for of antimicrobial evaluation

Synthesized complexeswere screened by theagar
well diffusion method for their antibacterial activity
against different typesof bacteria, gram positive- Ba-
cillus cereus and gram negative- Salmonella typhi,
pseudomonasaruginosa, Escherichiacoli regarded as
pathogen to man. All mediaand bacteriasuspension
were prepared using asuitable method. Thein-vitro
evaluation of antimicrobial activitieswas performed
according to the diffusion technique®. Thebacteria
weregrownin nutrient broth at 37°C for 24 hours. The
complexesweretested using diffusion on solid media.
Sterile(5mm) diameter sensitivity paper discwereim-
pregnated with concentration of dimethylformamide
(DMF) andtheir bimetalic complexesat concentration
of 50 ug cnr® and placed inthenutrient agar. The plates
werethenincubated for 24 hours. Theresultswerere-
corded by measuring the growth inhibition (% zones of
inhibition) surroundingthedisc.

RESULTSAND DISCUSSION

Bimetallic complexeswere prepared using water
asthe solvent by thereaction of cationic complex with
ananionic complex inthemolar ratio 1:1. All thecom-
plexeswereobtained almost immediately after mixing
of the component metal complex solutions. During

preparation of {[Cd(aniline)J[Ni(SCN),}, the
[Cd(aniline) ]* complex mixturewasheated to dissolve
theoily layer formed dueto the presenceof aniline. Al
the complexesareinsolublein chloroform. Some of
them aremoderatdy solublein methanol. All complexes
arehighly solublein DM SO and DMF.

Quialitativecharacterization

Primarily thecomplexeswerequditatively charac-
terized by thenickel ionidentification. Alittleamount of
the prepared complex was taken in atest tube. Con-
centrated nitric acid (HNO,) was added to the sample
and gently warmed on awater bath for the decomposi-
tion. The solution was made dlightly alkaline with
NH,OH. A few drops of a coholic dimethylglyoxime
(C,H,O,N,) were added. A red solution of nickel(l1)
dimethylglyoximewas gppeared astheindication of the
presenceof nickel.

Infrared spectra

Inthemixed metal complexeswhich arethe sub-
ject of thisproject, themain stretching modes arefor
V1 Ven Ve Veeor Voo Vs oy ANV, - Theinfrared
spectrafor the present compoundstakenin therange
400-4000 cm* hel p to indicate regions of absorption
dueto the above mentioned vibrations. Thethiocyan-
ateion hasthreefundamental modesof vibration: the
C-N stretch, v, ; thedoubly degenerated v, and the C-
Sdtretch, v,. Thesevibrational modes occur at differ-
ent frequency ranges. The N-bonded thiocyanate group
exhibitsv_  intheregionsof 2020-2096 cm™* and the
S-bonded thiocyanate group exhibitsv ., above 2100
cm'd, Appearance of strong v, bandsintheregions
2020-2096 and 2100 cm*for the present complexes
isagood indication of M-SCN-M coordination of the
thiocyanate group. Thisband givesaclear split, what
provesthepresenceof thiocyanatoionsinbridgingand
terminal positions®. The presence of two bandsin be-
tween 2105-2160 cm? clearly indi cates the presence
of thiocyanate as bridging unit™. Theweak band cor-
responding to v(C-S) vibration appearsat 771 cm,
andthev, ., bending modeisobserved at 480cm' as
ashoulder. The peaks at 3442 and 3255 cm* were
gned tothe stretching vibrations of aminegroups*8.
FTIR spectraalso show the broad band at 360 cm!
with shoul ders dueto superposition of bandsarising
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fromv_, andv,,, vibrations. Theassignmentof v_ .
vibrationsisonly tentative because of low intensity of
these bands®.. For all the complexesthe presence of
v, adv,, . Vvibrationinthesameregion confirmsco-
ordination and N- donor character of theligandsto the
metal ion. Furthermore, the presence of bands in
O(NCS), v(C-S), v(M-N) and v(M’-S) regions are
diagnostic for the nature of thiocyanate bonding™.

BC NMR

3C NMR spectrafor the complex [Zn(aniline),|
[Ni(NCS),] wasobtained. A splitting pesk at (6) 123.5
indicatesthe bridging thiocyanate and that multiplet at
(8) 135 comply with phenyl group of aniline.

UV-Visspectra

TheUV-Visspectraof dl complexeswereobtained
in DM SO solution. In the UV-Vis spectrum of com-
plex thefirst electronic absorption band observed at
around 260 nm isdueto the met-al to ligand charge
transfer (MLCT). Theband at around 500 nm assigned
tothed-dtrangition of metal ionindicatessomedistor-
tion from the perfect symmetry. The broad band at
around 400 nm can be assigned to the d-d trangition of
metal ion and the broadness of the peak revealsthe
inherent distortion of thistype of complexesfrom per-
fect symmetry’?4. The peaks observed below 350 nm
areassumed asdueton—n’, N> and n—o” transi-
tions. And the peaks observed at 983 may be assumed
asthe presenceof metd tetrathiocyanate.

M agnetic measur ements

From the experimental val ues of magnetic mea-
surements of the prepared complexesare diamagnetic
thusindicating the d'° e ectronic configuration. From
theexperimental va ues of magnetic measurements of
the prepared complexes, it isfound that magnetic
moments of the bimetallic complexesarelower than
the expected theoretical spin only values. The pos-
siblereason of such lower magnetic moment may be
dueto theweak antiferromagneticinteractionsinthe
bimetallic complexestransmitted by the thiocyanato
group!?. The exchangeinteractions seem to be super
exchangetype and most likely through thethiocyanato
or thethio groups. However, weak bonds and longer
bond lengths may hide or prevent possibility of ex-
changeinteractiongt259,
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Conductance

The conductance va ues 0-60 ohm-*cm?mol * of the
prepared complexesin DM SO sol ution corresponding
to non electrolytes. Thelow conductance val ues 60-
120 ohm-tcm?mol* of the prepared complexes in
DM SO solutions corresponding to 1:1 electrolytes
strongly support proposed formulation of the prepared
complexes Thissuggests+2 oxidation Satesof themeta
ionspresent in such complexes. Thehigh conductance
va ues 150> ohm-tcn?mol of the prepared complexes
in DM SO sol utionsindicatestheir electrolytic nature
correspondingto 1: 2 electrolytes strongly support pro-
posed formulation™Y.

Spectrd (IR, UV-vis), magnetic, conductivity data
and metd content of the prepared complexeshavebeen
giveninTABLE 1.

Geometry

Thecrysta structureof [NiL][FE(NCS) |, (where
L =5,6,12,13-Me4-[14]-4,11-dieneN4) suggested
the exchangeinteraction between Cull and Felll ions
that istransmitted by the thiocyanate groups*3. The
environment of the Felll ionisoctahedral, whilethe
thiocyanate groupsare nearly linear. Each Felll ionis
bound to two copper(I1) ionswhen thiocyanate groups
coordinate to the copper(ll) ions by their sulphur
atom!?. The environment of the Nill ionin [CuL ]
[Ni(NCS) ].2H,O complex issquare-pyramida while
thethiocyanate groupsare nearly linear'?. A distorted
sguare-pyramidal structurewas proposed for thecom-
plex, (CuL)[Co(NCS),] (L=N-rac-(5,12-Me2-7,14-
Et2-[14]-4,11-diene N4), with four equatorial nitro-
gen atoms of macrocyclic ligand and one sulfur atom
from thethiocyanato bridging group in an axia posi-
tion. The cobalt(l1) centre posses one bridging and
three non-bridging thiocyanate ligands®3. The struc-
ture of [Cu(en),Mn(NCS),(H,0),]n (en= ethylene-
diamine) consists of chains in which alternating
Cu(en),? and Mn(NCS), (H,0),* entitiesare bridged
by thiocyanate ligands®. Again, compound
[Ni(en),] ,[FE(CN).NOL,[F&CN)].5H,0isobtained
by reaction of [Fe(CN),NO]* with [Ni(en),]Cl, in
agueous solution. Theslow dissociation of [Ni(en) |*
into [Ni-(en),]** leadsto the growth of crystals suit-
ablefor X-ray diffraction4,
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TABLE 1: Spectral (IR, UV-Vis), magnetic, conductivity dataand metal content of the prepar ed complexes.

Code % of Ni Electronic A
No. Complexes vy Vee | Von DC%“ Ves  Uscen  OMN OC alc) Spectral data B" Kf/lf ohm™cm?
0. (cyanide) ( C-) (DM SO) AN mol-l
[Cu(NH9)J 3280s 970m 1380w 2100s 690vs 1336 784, 384,
Ri INi(SCN)] 3350ms 1040m 1468m 2115ms '°M 6395 500 (1354 309 098 68
~ [Cu(en),] 3298m 100lvs 1446m 2006vs 777ms 50BMS .~ 1254 370,33, oo 1o
2 [Ni(CNS)] 3261m 1274m 1465sh 2075vs 796w 528ms (1249) 262 :
~. [Colen)] ~3190s 1106m 13845 206lvs 775h 513w . ~ 1152 509,328, .0 o
3 [Ni(SCN),] 3250ms 1096s 1363sh 2096vs 790w 650w (1122) 261 :
. [Cden)] 3l67s 977w 1367w 2058vs 660ms 518ms .~ 1238 930,557, . .o
¢ [Ni(SCN)J] 3271s 1033m 1388w 213lvs 752w 464w (17.10) 383,266
[Cu(anil)] 3253ms 1047w 1448w 2032vs 761w 675 549,393,
Rs  INi(SCN)] 3300w 1076w 1425w 2119ms 806w 0°0W S9W  gga 300 3oL 42
[Zn(anil)] 3253ms 999w 1460w 2121s 780sh 681 405,29,
Rs  [Ni(SCNJ)] 3325ms 1047ms 1492s 2131s 804w 20 S20W g oy 61 208 4
[Cd(anil)] 3253ms 999w 1338w 2113sh  750s 671 907,397,
R7INi(SCN)J 3325ms 1047s 14low 2131s 770sh 0205 S18W (ga0) 294 066 242 8
~ [Co(anil)] 3253w 990w 1458w 2083sh 777w 5995 . 654  9083%, oo o
8 [Ni(SCN),] 3325w 1047s 1492s 2123s 804ms 690vS (695 208,265 2

* vs=very strong; s= strong; ms=medium strong; m = medium; w = weak; vw = very weak; sh = shoulder, 1°, = Molar conductivity

Onthebasis of the above discussion and experi-
mental data it is supposed that heterobinuclear
thiocyanato-bri dged compl exes have been synthesized
by the reaction of cations, [M(NH_X)]* and
[M(en) ] withanion[Ni(NCS),]> in 1:1 molar ratio.
Complexes having the following compositions
[M(NH_X).][Ni(NCS),] and{[M(en),][Ni(NCS) ]} ,
(where X=H, Ph; M=Cu, Zn, Cd, Co) are prepared.
The coordination geometry around the Ni?* ion in
[Ni(NCS),]> anionissquare-planner. The Ni** centre
possesses three non-bridging and one bridging thiocy-
anate ligands, whilethethiocyanate groupsare nearly
linear. Theenvironment of thecationsin [M(NH_X)|*
areoctahedra when sixth coordination siteisoccupied
by one bridging thiocyanate ligandsfrom anion. Geom-
etry was al so confirmed by the *C NMR of the com-
plex, [Zn(aniling) ][Ni(NCS),] when splitting of peak
at (6) 123.5indicatesthe bridging thiocyanate and that
multiplet a (6) 135 comply with phenyl group of aniline.
The proposed schematic structure of the complex is
presentedin Figure 1.

Central meta ionof [M(en),]** being bound totwo
thiocyanate groupsfrom neighbor anionsformsalong
chain polymeric structureof [{ M(en),} { Ni(NCS),}] .
Theenvironment of the cationic metal ionisoctahedrd,
whilethethiocyanategroupsarenearly linear. Thethio-
cyanate groups coordinate to the metal ionsof cations
by their sulphur atom. A proposed schematic view of

complex [{M(en) }{Ni(NCS) }] ispresentedinFig-
ure 2. But actual geometry isnot possibleto beeuci-
dated without crysta structureof theprepared complexes.

NCS
XI\E2 /NH2X |
XH2N M SCN Ni——NCS
/ N\
NHAX
XNH2 2 NCS
X=H, Ph M=Cu, Co, Zn,Cd

Figure 1 : Proposed schematic structure of the complex,
[M(NH_X)J[Ni(NCS) ]

Antibacterial activity

Theinhibition zonesof thetest organismsfor differ-
ent complexesare presentedin Figure 3. Resultsof the
inhibition have been graphicaly showninFgure4. Itis
foundthat, except R, dll compoundsare comparatively
effective against Salmonelatyphi and Pseudomonas
aeruginosa. Thetested complexesexcept R, R, R are
effectiveagaing Bacilluscereus. Only R, R, of thetested
complexesareeffectiveagaing Escherichiacoli. Inad-
ditionto chelation, someimportant factor such asnature
of themetd ion, metd ion coordinating Site, hydrophilic-
ity, hypophilicity and binuclear structuremay have con-
Sderableinfluenceontheantibacterid activity. Theche-
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HzN\ /NH2 | H2N\ / 5
Ni NCS M SCN Ni NCS M SCN Ni
/ N\ ‘ /" N\
H N NH, i H,N NH,
M=Cu, Co, Zn, Cd

Figure2: Proposed schematic view of complex, [{M (en) }{Ni(NCS) }],

late complexesmay deactivate various cdllular enzymes
which play vital rolein variousmetabolic pathways of
thesemicroorganisms. Other factorssuch assolubility,
conductivity and dipole moment affected by the pres-

enceof metd ions, may bethereasonsfor theincreased
biologica activitiesof themeta complexes. Therefore,
theantibacterid activity of thecomplexescan beascribed
toanintricateblend of dl of theabove contributions.

Figure3: (a) Zoneof inhibition against Bacillus cer eusby complexesR, and (b) Zone of inhibition against Pseudomonas

aeruginosa by complexesR, Ry

18 4

Inhibition zone/ mm

M B. cereus
B S. typhi
W P.aeroginosa

W E.coli

Code of prepared complexes

Figure4: Theantibacterial activity of thetested metal complexes

CONCLUSON

Theresults of these analyses show that the theo-

retical and experimental percentagesof themetal con-
tent arein aclose consistence. The prepared complexes
have been clearly characterized by FT-IR spectroscopy,
UV-Vis spectra, magnetic and conductivity measure-
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ments. The dataindicate the formation of such com-
plexes. Conductivity measurementsindicatether elec-
trolytic nature consistenceto +2 oxidation state of the
metal ions present in such complexes. Themagnetic
measurementsindicate some of the compl exesto show
antiferromagneticinteractions. Thehighyield of thecom-
plexesindicatesgood possihilitiesof their andytica uses
to determinemetd contentsof somere ated compounds.
Further worksarerequired to exploit and ascertain such
possibilities. From comparative study, the prepared
complexeshavebeen found to bequiteeffectiveagainst
sel ected human pathogeni ¢ bacteria.
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